Abstract Clinical trials published in 2012 and the first 6 months of 2013 were reviewed. These involved either traditional dysphagia therapy, indirect methods not involving dysphagia therapy, or a combination of direct and indirect methods. Of 27 studies, 7 were RCTs, 5 were controlled clinical trials, and the remainder were uncontrolled case series. Sixteen studies combined an indirect treatment with traditional dysphagia therapy; only one study examined one technique for direct swallowing therapy. Effect sizes were computed and contrasted for each trial. Traditional dysphagia therapy had small to moderate effect sizes (between 0.3 and 0.6), while spontaneous recovery in acute stroke had effect sizes of 1.2. Placebo effects on patient ratings of degree of improvement on swallowing were estimated as small to moderate. To improve effect sizes, adaptive research designs are needed to develop the optimal methods and dosages of therapy before future clinical trials.
Introduction
The purpose of this review was to examine the current trends and relative efficacy of different approaches to the rehabilitation of swallowing disorders. Dysphagia or swallowing disorders are secondary to different diseases or disorders such as stroke, aging, neurodegenerative diseases such as Parkinson's disease, and following chemo-radiation for the treatment of head and neck cancer. Approaches include: (1) training a new approach for swallowing to improve airway protection; (2) treating the primary disorder in the expectation that the secondary swallowing disorder will improve; or (3) providing less direct approaches to dysphagia either by strengthening a muscle function or providing sensory stimulation. Here, we employed the classification approach used by Zhen et al. [1] , that differentiates direct swallowing therapies from indirect swallowing therapy approaches. Direct therapies (DT) include: compensatory strategies while swallowing such as chin tuck or head turn to increase airway protection, augmentative swallowing maneuvers such as Mendelsohn [2] or supraglottic swallowing, or diet modification to reduce the risk of aspiration such as thickened liquids [3] . Indirect therapies (IDT) do not directly target swallowing retraining, but are aimed at treating the underlying disease through pharmacological means, surgery, or involving muscle strengthening, sensory stimulation, or cortical stimulation by transcranial magnetic stimulation or transcranial direct current stimulation [1] .
Searches
To review the therapeutic trials on dysphagia over the 1.5-year period from January 2012 to June 2013, Scopus and Medline databases were searched for studies of dysphagia therapy using search terms of: (dysphagia or swallowing disorders) and (rehabilitation or therapy) and (treatment) and (2012 or 2013) , and (human). Both Mesh and text terms were searched.
Initially, 1,546 articles were retrieved and were reviewed by the first author to select clinical trials providing treatment for patients with dysphagia. Of the initial group, 30 were selected as representing some aspect of treatment of swallowing disorders. Three studies were deleted. One only involved healthy volunteers and assessed the effects of effortful swallowing and Mendelsohn maneuver training on tongue pressure production and not swallowing [4] . Another was a study of surface electromyography measures of swallowing in a patient group with Parkinson's disease [5] . The third was a pilot study of the immediate effects of surface electrical stimulation on swallowing during videofluoroscopy in patients with Parkinson's disease and healthy volunteers [6] . After 3 deletions, 27 studies remained and are reported on here.
Classification of Evidence and Measures of Efficacy
Many clinical trials aimed at improving swallowing combined both direct and indirect approaches. Out of a total of 27 studies, we classified 1 study as involving direct swallowing retraining alone (DT), 10 studies involved nonswallowing indirect methods of treatment (IDT), and 16 examined a therapeutic regimen that combined IDT and DT methods (Fig. 1 ).
Random controlled trials (RCT) provided the highest level of evidence. These may involve multiple sites, include random assignment of patients to experimental and control groups, and conduct objective, blinded assessment of outcome measures. When the data on mean and standard deviations of both groups were available, we used G Power 3.1.7 [7] to estimate the effect size. Controlled studies that included a control group but did not qualify as RCTs either due to lack of random assignment to groups, unblinded assessment, or did not objectively assess outcomes were classified as controlled clinical trials (CCTs). The other studies that did not include a control group were classified as uncontrolled case series. Without an active sham or an untreated group for comparison with the treated group, the degree of benefit cannot be determined. In such studies, placebo effects or spontaneous recovery may have inflated reported treatment effects.
To measure treatment benefits Cohen's effect size [8] represents the amount of change due to the treatment relative to the amount of variance in patient scores between the two measurements. This measure can compare effects across clinical trials and does not depend on power differences as the number of patients can alter the statistical results [9] . When Cohen's d effect sizes were not provided Fig. 1 The review and study classification process. Over 1,500 studies were identified for review from PUBMED and Scopus published between January 2012 and June 2013. After careful examination, 27 were selected as clinical trials involving treatment of dysphagia. Direct dysphagia therapy includes training patients on swallowing using compensatory techniques, swallowing maneuvers such as the Mendelsohn maneuver, consistency changes, and diet modification. Indirect therapy includes methods for modifying the underlying disorder causing the swallowing deficits such as surgical and neuropharmacological treatment, and sensory or cortical stimulation of persons without coincident swallowing therapy. Combined direct and indirect therapy is when an indirect technique is applied during swallowing therapy such as neuromuscular stimulation while swallowing. RCT random controlled trials, CCT controlled clinical trials, case series are when no control group is employed Curr Phys Med Rehabil Rep (2013) 1:242-256 243 by the authors in the article, we used the data presented to compute effect sizes. For a repeated or cross-over design, the repeated effect size, dz, was computed comparing the pre and the post treatment measures. When there was an independent control group, d was computed comparing the outcomes in the treated and control groups. If the control group had traditional dysphagia therapy, then the effect size was computed for that type of therapy. Two tables present a summary of the results: Table 1 reports on the 1 study involving direct therapy (DT) and the 10 indirect therapy (IDT) studies. Table 2 reports on 14 studies examining a combination of direct and indirect treatments. Two case studies are not included in Table 2 as they do not contain group data. Based on Cohen [8] , we considered effect sizes of 0.2-0.499 to be small, 0.5-0.799 to be moderate, and 0.8 or greater to be large effect sizes. Less than 0.2 was considered no effect.
Direct Therapy Study
A multi-center RCT examining direct therapy effects using the Mendelsohn maneuver for dysphagia post-stroke [10
was published in 2012 with further data analysis published in 2013 [11] . This was a prospective, cross-over study design with measures on 17 patients randomly assigned between 2 orders: (1) Mendelsohn training followed by 2 weeks of no therapy and (2) the opposite order. The Mendelsohn training used surface electromyography biofeedback and was intensive; participants trained twice daily for 45 min during each session with 30-40 swallows per session [11] . Videofluoroscopy swallowing studies at baseline and after 1 and 2 weeks of treatment included three measures. No significant differences were found between treatment versus non-treatment changes in either set of analyses [10 •• , 11] . Group means at 2 weeks post-treatment and 2 weeks post-control were compared to determine effect size based on data provided [11] , deriving standard deviation from the standard errors scores (SD = SE 9 Hn) to compute effect sizes (dz). The effect sizes were small for maximum anterior and vertical hyoid motion and no effect was found on extent of upper esophageal sphincter opening (Table 1) . Penetration-Aspiration Scale [12] and the Dysphagia Outcome and Severity Scale [13] showed no changes in dysphagia severity with treatment and data were not available for computing effects sizes [10 •• , 11] . This was a well-designed study with intensive therapy with small effect sizes.
Indirect Therapy Studies
These studies employed treatment that either examined the use of a device, surgical, or pharmacological treatment of the disease underlying dysphagia, or used sensory or cortical stimulation in the absence of direct swallowing therapy. Two were controlled studies, eight were uncontrolled. An RCT examined the effects of excitatory 5-Hz transcranial magnetic stimulation over the unaffected hemisphere that might assist with recovery of swallowing [14] . The effect sizes were moderate in the experimental group ([0.7) and demonstrated no effect in the control group (\0.2) on both the videofluoroscopic dysphagia scale [15] and the Penetration-Aspiration Scale [12] . However, the experimental group had a more severe videofluoroscopic dysphagia score at baseline of 33.6 while the baseline score of the control group was 23.4 which was similar to the post-treatment mean for the experimental group of 25.3. Although non-significant, the group differences at baseline represented a moderate effect size of 0.76, similar to the effect size for treatment effects within the experimental group. The group difference at baseline may have contributed to a regression towards the mean affecting the treatment results in the experimental group but not in the control group.
The other controlled trial, an application of an intraoral electrostimulation device for treatment of xerostomia, was a large multicenter open-label, clinical trial follow-up published in 2012 [16] from a RCT conducted in 2011 [17 • ]. The 2011 RCT was a multi-center prospective randomized controlled trial involving 2 stages, an initial 1-month double blind cross-over study comparing the experimental device with a sham device followed by a 3-month open-label study for the treatment of xerostomia. The electrical stimulation delivered current to the lingual nerve to enhance the salivary reflex. Swallowing difficulties were subjectively rated on a visual analogue scale (0-100) by patients on their difficulty swallowing due to dry mouth. The sham device and experimental device groups in the initial double-blind study differed at baseline (p = 0.05) with a small effect size; the stage 1 comparison between baseline and post-treatment in the experimental group showed no effect. Similarly, no effect was found following 3 months of device use in the treatment group alone [17 • ]. In the uncontrolled follow-up after 5, 8, and 11 months of device use [16] , although statistical comparisons within the case series of 94 patients were significant at p = 0.05, 0.002, and 0.05, respectively, the effect sizes were all small ( Table 1) .
All of the remaining indirect therapy studies were uncontrolled case series. As no control group was included, placebo and spontaneous recovery effects may have contributed to the results. One study examined effects of jaw opening exercise on upper esophageal sphincter opening [18] . Effect sizes for 4 objective measures from the videofluoroscopy after 4 weeks of jaw opening exercise were moderate to large. Three studies evaluated the use of sensory stimulation before swallowing or during swallowing. In an acute pilot study, 24 patients with dysphagia post-stroke were treated using ice massage to trigger swallowing, and the latency for triggering swallowing on trials with and without ice massage was measured [19] . In the 14 patients with a swallow on every trial, the effect size of the reduction in swallowing latency was moderate. However, for the 10 patients who did not swallow on every trial, the ice massage had an opposite effect: they took longer to swallow with ice massage than without and the effect size was large. In an acute study, the effects of carbonated liquids on oropharyngeal swallowing in patients with neurogenic dysphagia and pharyngeal delay were examined using a cross-over design [20] during a videofluoroscopic swallowing study. No significant effects were found on any swallowing timing measures. All but one of the effect sizes were small indicating limited benefits. Significant changes were found on the Penetration-Aspiration Scale ratings with a moderate effect at 10-ml volumes. A third study examined the acute effects of air pulse stimulation intra-orally on swallowing rates in 8 subjects with dysphagia post-stroke [21] . Only 4 of the 8 patients showed an increase in swallowing rates greater than 2 standard deviations of the baseline rates and no group data were provided for computing effect sizes on the 8 patients.
Four uncontrolled studies of indirect treatment in patients with Parkinson's disease have been published; one examined the effects of Levodopa on swallowing [22] in patients with Parkinson's disease and three studies examined the effects of deep brain stimulation on swallowing in Parkinson's disease [23] [24] [25] . The Levodopa study showed limited effects on submental and infrahyoid electromyographic measures; only the intra-burst onset latencies were reduced with Levodopa. Effect sizes based on the means and standard deviations plotted, were small. Deep brain stimulation implant into the subthalamic nucleus was evaluated in 12 patients at 3 and 12 months post-implant in 4 conditions combining medication on and off and stimulator on and off [25] . Results revealed no significant changes in swallowing function on objective measures taken from the videofluorographic swallowing study; but some improvement was reported by patients on the Dysphagia Handicap Index [26] with small effects on swallowing function, high effects on emotion; and moderate effects on overall score compared with baseline at 3 and 12 months post-implant. The authors raised the point that some of these changes in patient perceptions in the absence of objective changes in swallowing may represent placebo effects.
Another study examined deep brain stimulation in Parkinson's disease in the subthalamic nucleus [24] . No benefits were found on measures of swallowing function from videofluoroscopy ratings, but patients reported a moderate effect size of stimulation benefit on their swallowing at 6 and 12 months which may include a placebo effect. A third study of the effects of deep brain stimulation on swallowing in Parkinson's disease determined if there were deficits with stimulation in the Zona Incerta [23] . No effects were found except for a small worsening in preswallow spillage with stimulation on at 12 months postimplant; no subjective effects were found on patient ratings. Overall, the two controlled studies of indirect treatment approaches had small or moderate treatment effects while the 8 uncontrolled studies varied with large effects only seen in patients performing jaw opening exercises; however, as this study was uncontrolled, the results cannot be distinguished from potential placebo effects. The two studies of the effects of subthalamic nucleus stimulation on swallowing in Parkinson's disease showed no benefits on objective measures of swallowing. The only benefits were in patient subjective ratings which are particularly susceptible to placebo effects after implantation and were small to moderate effects.
Combined Direct and Indirect Therapy Studies
Sixteen studies combined indirect therapy with direct swallowing therapy. Some included controls with direct therapy or a sham with direct therapy. Of these studies, five were RCTs, four were CCTs, and the remaining seven were uncontrolled case series. The combined approach was the most frequent approach in research on dysphagia treatment in recent years. This may be based on the assumption that if direct therapy shows small to moderate effect sizes then adding further therapeutic approaches will augment the results.
An RCT on a therapy described as ''pharyngocise'' evaluated whether active exercise combined with usual care for patients with head and neck cancer undergoing chemoradiation therapy (CRT) is beneficial [27 • ]. Strengthening exercise combined with swallowing therapy was compared with a sham therapy group (active controls) and a usual care group which included supervision and precautions for safe swallowing with positioning and slowed rate of feeding by the hospital speech pathology service. Both active treatment groups were seen twice daily for 45 min of exercise for 6 weeks. The sham treatment received a buccal extension maneuver while the pharyngocise group received jaw resistance/strengthening using the Therabite Jaw Motion Rehabilitation System. As all patients consumed a normal diet at baseline, effect size differences on the Mann Assessment of Swallowing Ability (MASA) between the three independent groups were determined at 6 weeks. The effect sizes were small between pharyngocise and sham therapy and between pharyngocise and usual care.
Another RCT compared patients with Parkinson disease and swallowing difficulties who were randomly assigned to two groups: usual dysphagia therapy (n = 21) and videoassisted dysphagia therapy (n = 21) showing videos of the typical swallowing process and patients' own swallowing as part of regular therapy during all six interventions [28 • ] . A large effect size for residue reduction on FEES examination in the video-assisted group compared with a moderate effect size in the usual dysphagia therapy group. Patient responses on the SDQ questionniare [29] only showed a small effect improvement and no effect in the controls. Difference in effect size occurred on scores in the video and conventional therapy group at 4 weeks and 8 months; at least moderate effect sizes occurred in the video group compared with no or small effects in the conventional therapy group on the SWAL_QOL [30] . This study is notable as the effect size of the experimental therapy was large (1.6) when compared with the moderate effect size (0.55) of conventional dysphagia therapy on residue after a swallow.
Two studies examined the combination of transcranial direct current stimulation (tDCS) combined with swallowing training post-stroke [31, 32 •• ] . Both compared anodal tDCS with sham stimulation during ten trials of dysphagia therapy. One study used the DOSS [13, 32 •• ] for pre-and post-measures of dysphagia while the other used the Functional Dysphagia Scale (FDS) [15, 30] . In the first study [31] , the effect size immediately after treatment in the tDCS group was moderate and high in the sham group. At 3 months post-therapy, both groups had a high effect size. Mean days post-stroke was 25.9 days (SD = 10.2) so most patients were within the first month post-stroke on entering the study and spontaneous recovery could account for partial improvement in both groups, particularly 3 months after therapy. In the second study [32 •• ] , patients were at least 1 month post-stroke. After 10 sessions of therapy, the tDCS group had a large effect size while the sham group had a moderate effect size, similar to the effect of usual dysphagia therapy reported for traditional therapy. Thus, after 10 sessions of traditional dysphagia therapy along with tDCS in patients seen within 1 month poststroke, both studies had an immediate effect size of 0.6 or greater. However, the post-therapy follow-up on 3 months in one study and 1 month in the second both showed a high effect size in the sham group suggesting that spontaneous recovery can contribute an effect size of 1.2 or greater.
Two other RCTs evaluated a combination of transcutaneous electrical stimulation [33, 34] . In the first study, 50 subacute stroke or brain injury patients were randomly assigned; 25 to suprahyoid stimulation only and the other 25 to suprahyoid and infrahyoid stimulation for 10-15 sessions over 2-3 weeks. Electrical stimulation was combined with traditional dysphagia therapy including chin tuck, multiple swallowing, effortful swallowing, supraglottic swallowing, Shaker's exercise and the Mendelsohn maneuver. All of the effect sizes evaluating objective measures of movement excursion of the hyoid and larynx in each of the two groups between before and after therapy were less than 0.52. No differences in the treatment effects were found between the suprahyoid and infrahyoid groups. When objective movement changes were measured after therapy in subacute patients, the effect sizes were more modest (0.5) than when patients were studied in the first month post-stroke or -brain injury. The second study [34] using electrical stimulation tested the effect of effortful swallow therapy combined with either motor levels of infrahyoid stimulation or sensory levels of infrahyoid stimulation. Twenty patients were randomly assigned, 10 to each treatment group. Here, the patients were required to be more than 1 month post-stroke and three sets of exercise for 20 min each week were provided for 4 weeks. Using data provided in the paper, a high effect size occurred with motor stimulation on the extent laryngeal vertical movement and a moderate effect size for hyoid extent of vertical movement in the motor group. No effects occurred in the sensory group indicating that spontaneous recovery was not contributing significantly to the results.
Four studies were controlled without random assignment between the experimental and control groups, not qualifying as RCTs. A study combining surface electrical stimulation in three groups of Parkinson's disease with dysphagia used quasi-random allocation to three groups [35] . All received daily treatment for 15 days of dysphagia therapy with two groups also receiving surface submental electrical stimulation; one at a motor level and the other at a sensory level. No data were provided to compute effect sizes as odds ratio were provided. The statistical analysis showed no differences between treatment groups, although there was an overall treatment benefit indicating that differences in electrical stimulation did not alter the treatment outcome. Another study added electrical stimulation to traditional dysphagia therapy along with progressive resistance therapy (n = 65) for comparison with dysphagia therapy along with progressive resistance therapy without electrical stimulation (n = 27) [36] . Physician referral assigned patients to either treatment group; the NMES group was more impaired at baseline suggesting assignment bias, and regression towards the mean may have affected recovery in that group. Further FIOS scores were assigned by the treating speech therapist pre and posttreatment, also a likely source of bias.
A controlled trial compared inter-disciplinary swallowing therapy exercises in 23 patients post-tongue resection with a control group (n = 23) receiving no training [1] . Assignment was based on patient ward assignment with two floors of eight wards each assigned to the experimental and control groups. Therapy consisted of 30 min of swallowing therapy 6 days a week for 2 weeks. High effect sizes were reported when outcomes were compared between the treatment and control groups with similar degrees of tongue resection.
The addition of a bedside exercise program to conventional swallowing therapy in subacute patients \6 months post-stroke was evaluated in a controlled trial [37] . The addition of bedside laryngeal, oral, pharyngeal, and respiratory exercises to conventional therapy was evaluated after 2 months of conventional swallowing therapy in both groups. A high effect size was found on oral phase improvements in the exercise group while the conventional therapy group had a moderate effect size. In the pharyngeal phase, both groups had a high effect size and there were no group differences in benefit.
Six uncontrolled studies were published in the 2012-2013 period examining treatment effects of a combined regimen. Some examined proprietary treatment programs and are difficult to evaluate as the intensive therapy program is not clearly described. It may include home therapy and professional therapy with exercises, direct dysphagia therapy and NMES [38, 39] . The patients had chronic dysphagia, however, placebo effects cannot be determined and both studies include multiple comparisons with no Bonferoni corrections. Subjective measures show large effect sizes while objective measures from videofluoroscopy show no significant improvement [38] . A case series evaluated the use of electrical stimulation in normal adults over 70 years of age on a functional dysphagia scale with significant improvement and moderate effect sizes [40] . Another study assessed swallowing after 12 sessions of electrical stimulation with dysphagia therapy followed by 12 sessions of traditional swallowing therapy [41] . Finally, two case studies were reported, one reporting using electrical stimulation for dysphagia in Wilson's disease [42] and another using manual facilitation with deep massage of the submental and infrahyoid regions to help initiate swallowing [43] , along with oral sensory stimulation and Mendelsohn maneuver in 3 severely impaired dysphagia patients unresponsive to verbal commands poststroke. All increased their ability to initiate a swallow. As there were no group data to be analyzed, these case studies are not reported in Table 2 .
Discussion
The number of studies evaluating therapy for dysphagia in a 1.5-year period was impressive. Most studies were aimed at augmenting traditional dysphagia therapy by adding therapy components such as electrical stimulation to traditional therapy. Few, if any, RCTs have evaluated the effects of traditional dysphagia therapy alone in particular patient populations. Traditional dysphagia therapy usually combines compensatory approaches such as chin tuck and head turn, effortful swallowing, Mendelsohn maneuver, thickened liquids, and supraglottic swallowing [3] . We could not find previous RCTs in the literature comparing a non-treatment control with traditional dysphagia therapy to determine the effect size to expect for traditional therapy alone. In this review, some studies used a traditional therapy group as a control and reported effect sizes ranging from 0.3 to 0.7, which are small to moderate. Except for studies carried out in the early spontaneous recovery period post-stroke, most effect sizes for dysphagia therapy alone are small to moderate. That may be the basis for many clinical studies combining many therapy approaches in order to augment effect sizes.
Many studies showed no benefits on objective measures of swallowing, while patient subjective ratings showed small to moderate effects, which may contain placebo effects. Patients often assume that if they are undergoing treatment they are improving. Therefore, a well-defined control group is needed when using patient ratings, as both groups may show gains that are small to moderate reflecting placebo effects [25] .
Another notable finding in patients seen early poststroke is that therapy effects are usually moderate when measured immediately after a few weeks of therapy. However, on follow-up 1 month later in one study and 3 months in another, both showed a similar high effect size in the sham group suggesting that spontaneous recovery can contribute a high effect size of 1.2 or greater. The large effect size for spontaneous recovery relative to treatment effect sizes present a significant difficulty when designing studies of treatment effects in acute stroke.
The vast majority of the treatment studies used 1 session of 30-60 min daily for 2 weeks for a total of 10 sessions of therapy in the experimental group. However, no studies have examined the optimal session duration, number of sessions, and time period of therapy necessary for effecting change in swallowing behavior. Many of these treatment studies may not have an adequate duration or intensity to effect change. This needs to be determined before embarking on expensive and time-consuming RCTs. Continual reassessment designs can be used to determine the optimal treatment parameters, require fewer participants, and are relatively short in duration to determine the optimal treatment parameters before embarking on a large multicenter RCT.
O'Quigley et al. [44] and associates introduced the concept of the continual reassessment method when designing clinical trials for cancer treatment. In such studies, small reiterative studies are sequenced so that ongoing data analysis ''learns'' from the results of particular therapy regimens in a small number of patients and adjusts the next phase treatment to be more effective and less adverse. Such trials can be blinded, with only the statistician able to analyze the results in a continuous fashion to make treatment decisions. The study proceeds with small numbers of patients at a time (3-5 participants), and the treatment parameters are readjusted in a reiterative fashion based on the data learned after each patient, and the dose response curve is remodeled [45] . This method of adjusting to find the optimal treatment dosage at the highest maximal tolerated dose can provide an effective treatment regimen with the least number of adverse events. Some of these designs might be very useful for determining the optimal dosage and intensity of a therapy before embarking on a controlled trial.
Conclusions
To date, the treatment effects in dysphagia are small to moderate in contrast to the much larger effects of spontaneous recovery in acute stroke. Objective measures of swallowing kinematics generally show limited change, while patient ratings are often confounded by placebo effects. Usually, dysphagia therapy has small to moderate effect sizes; thus, the field is actively pursuing combined treatment approaches to improve outcomes. To date, some of the highest effect sizes reported in RCTs are for cortical stimulation combined with dysphagia therapy in acute stroke. However, spontaneous recovery may be contributing to a greater degree than therapy to dysphagia recovery post-stroke.
